The aim of this study was to determine the levels of these elements: Hg, Ba, Ca, Fe, Mn, Li, As, Na and K in the bodies of bees. Honeybee samples were randomly collected from apiaries located in four counties of the province of Kurdistan. The four counties were: Marivan, Bijar, Kamyaran and Ghorveh. The data obtained from this study showed that K had the highest concentration, followed by Na, Ca, Hg, Ba, Fe, Mn, Li and As. From among all the sites, there were no signifi cant differences recorded between the concentrations of the different metals. The results did show that three minerals groups were able to be differentiated: elements that were very abundant, elements in a medium concentration, and trace elements. The fi rst group consisted of K and Na, with a range from 41.857 to 47.871, and 12.653 to 16.183 ppm, respectively. The second mineral group was composed of Ca, Hg, Ba, and Fe, where Ca was the most abundant element (with a range of 9.077 to 10.058 ppm), followed by Hg (1.12-4.786 ppm), Ba (2.881-3.481 ppm), and Fe (1.050-1.727 ppm). The third mineral group was composed of Mn, Li and As. They ranged from 0.262 to -0.399, and from 0.043 to 0.101, and from 0.017 to 0.068 ppm, respectively.
INTRODUCTION
The interest in bioindicator-based techniques for the detection and evaluation of environmental contaminants has increased during the past two decades. Several animal species have been suggested to be suitable for the monitoring of environmental pollution. Mussels (Dreissena polymorpha) (Binelli et al., 2001; Szefe et al., 2002) ; herrings (Clupea harengus), and partridges (Alectoris rufa) (Herrera et al., 2000) or even mammals such as cattle (López-Alonso et al., 2002) and fox (Corsolini et al., 2000) have been suggested for the monitoring of environmental pollution. Since 1970, honeybees (Apis mellifera) have increasingly been used to monitor heavy metal environmental pollutants as reported in some studies (Porrini et al., 2002; Bromenshenk et al., 1985) . The reason for the use of honeybees is that they reveal the chemical impairment of the environment mainly in two ways: first, through high mortality, and second, because honey bees intercept particles suspended in the air or in the blossoms and then the particles are retained in the honeybee's hairs or the particles accumulate within the honeybee's body. These substances can then be detected using appropriate analysis methods (Kevan, 1999; Porrini et al., 2000) .
It is important to note, that metals do not cause honey bee mortality but can accumulate in their body. Thus, the contamination in the form of heavy metals building up in the honeybee's body may reflect the contamination of plants, soil, air, and water in a certain area. According to many investigations (Porrini et al., 2003; Perugini et al., 2011; Crane, 1984) bees are good indicators of pollution in a given area, and the range of their visitation is 3 km 2 (Devillers et al., 2002) . The aim of this pilot study was to evaluate the effectiveness of honeybees as biological indicators of the presence of mercury (Hg) , barium (Ba), calcium (Ca), iron (Fe), manganese (Mn), lithium (Li), arsenic (As), sodium (Na), and potassium (K) in the environment, by comparing data obtained from different counties being sampled.
MATERIALS AND METHODS
The research materials were samples of honeybees obtained from bee colonies maintained in stationary apiaries located in four counties of the province of Kurdistan: Marivan, Bijar, Kamyaran and Ghorveh. The province of Kurdistan is in western Iran (Fig. 1) . Honey bee bodies were collected in September 2011. From the apiaries located in the four counties, Marivan, Bijar, Kamyaran, and Ghorveh 7, 4, 7, and 4 samples were collected, respectively.
Samples were put in chemically-cleaned polyethylene bags from which drones, sticks, and pebbles were removed. The collected bees were killed in a laboratory by freezing at -18 o C, and then, dried at 45 o C, homogenized by grinding, and carefully mixed. A test portion for mineralization of a mass of about 1,000 mg (with an accuracy of 0.10 mg) was prepared from each sample. Test portions were then diluted with a 20 ml solution of concentrated, spectrally pure nitric acid (Riedel-de Haen 30702 Company), and then mineralized using the microwave technique under increased pressure in a microprocessor microwave furnace, MARS 5 Company CEM (14-stands).
The contents of Hg, Ba, Ca, Fe, Mn, Li, As, Na, and K were determined directly using atomic absorption spectroscopy (GF 3000 model AAS, Graphite Furnace GF 3000, Auto Sampler GBC PAL 3000, GBC Scientific Equipment Pty Ltd, Australia). Calibration curves were prepared by diluting stock solutions.
Analysis of variance (ANOVA) was performed based on unbalanced completely randomized for the measurement of all elements in the bodies of bees. Significant differences between the means of measurements were determined using Duncan's multiple range test (DMRT) at the P=0.05 level. All statistical analyses were performed using a computer and the SAS software package (SAS Institute, Cary, NC, USA). 
RESULTS
The average values of element concentrations in the honeybee samples are given with their standard deviations in Tables 1, 2 , and 3. The samples are from individual sites in the counties of Marivan, Bijar, Kamyaran, and Ghorveh.
According to these data, K has the highest concentration followed by Na, Ca, Hg, Ba, Fe, Mn, Li, and As. Regional comparisons were also examined in this study. Significant differences were not recorded between the concentrations of elements in any of the areas (Tab. 1, 2, and 3). Three groups of minerals were distinguished: elements that were very abundant, elements with medium concentrations, and trace elements. The first group consisted of K and Na which ranged from 41.857 to 47.871, and 12.653 to 16.183 ppm, respectively (Tab. 1). The second mineral group was composed of Ca, Hg, Ba, and Fe. From this group, Ca was the most abundant with a range of 9.077 to 10.058 ppm followed by Hg (1.125-4.786 ppm), Ba (2.881-3.481 ppm), and Fe (1.050-1.727 ppm) (Tab. 2). The third mineral group was composed of Mn, Li, and As, and they ranged from 0.262 to 0.399, 0.043 to 0.101 and 0.017 to 0.068 ppm (Tab. 3), respectively.
Honeybee samples collected from the apiaries of Marivan had the highest K (47.871 ppm) content followed by Bijar (47.780 ppm), Kamyaran (46.066 ppm), and Ghorveh (41.857 ppm).
In the case of Na, the highest content was in honeybees from Bijar (16.183 ppm), followed by Ghorveh (15.845 ppm), Marivan (15.250 ppm), and Kamyaran (12.653 ppm). The higher (10.058 ppm) and lower (9.077 ppm) Ca concentrations were found in the samples of Ghorveh and Kamyaran, respectively. 2.881 ± 0.701a (2.00-3.7)
1.727 ± 1.173a (0.56-3.339)
The highest Ba contents were recorded in samples of bees collected from Bijar, followed by Marivan, Kamyaran, and Ghorveh, with the mean values being 3.481, 3.117, 2.992, and 2.881 ppm, respectively. The highest mean concentration of Fe was 1.727 ppm in the samples of Ghorveh and the lowest Fe value was found as 1.050 ppm from the samples of Marivan (Tab. 2). The minimum and maximum Mn concentrations were observed in the bee samples of Kamyaran 0.262 ppm, and in the bee samples of Ghorveh 0.399 ppm, respectively.
In Table 3 , the highest concentration of Li was measured at 0.101 ppm in the bee samples of Ghorveh. The lowest Li content was found as 0.043 ppm in the Bijar samples. Moreover, the As concentration determined in the bee samples of Kamyaran, Marivan, Ghorveh, and Bijar were 0.068, 0.040, 0.034, and 0.017 ppm, respectively (Tab. 3).
DISCUSSION
There are a few publications dealing with honeybees and metal pollution (Crane, 1984 , Porrini et al., 2003 Perugini et al., 2011 ). In the current research, the highest concentration of Hg was measured as 4.786 ppm in the samples from Kamyaran. The lowest Hg content was found as 1.125 ppm in the Ghorveh samples. Perugini et al. (2011) did not demonstrate Hg presence in honeybee samples. In principle, the pollutants can be accumulated in soil and plants (Spodniewska, 2007) , and are collected by bees along with nectar and pollen (Roman, 2004; Roman, 2009) . Depending on the chemical properties of the substances, nectar is contaminated by pollutants to a higher or lower extent. Therefore, if nectar functions in a polluted environment, plant products used by bees may also be contaminated. As a result, a part of these pollutants will accumulate in the organism's body.
Our results showed that bee bodies are contaminated by elements in various concentrations. The range of the concentration is mainly dependent on the region of the apiary location. This observation (Tab. 1 and 2) is confirmed in the related literature by Bromenshenk et al. (1985) and Veleminsky et al. (1990) who believe that the amount of heavy metals in bee's bodies reflects their concentration in the environment where the insects live. Thus, bees and their products might be used in quality monitoring for environmental toxic metal contamination (Accorti et al., 1990; Balestra et al., 1992; Leita et al., 1996) . It should be noted that there is a close correlation between the accumulation of metals in soil and plants as well as metal contents in honeybees and honeybee products (Roman, 2004) . The present research demonstrated that honeybee bodies exhibited the highest level T a b l e 3 .
Range, mean, and standard deviation values of Mn, Li, and As (ppm) in honeybees of four counties of the Kurdistan province of metals. In accordance with the author's previous studies (unpublished data), the concentration of all metals in honey was greatly lower than the concentration of all metals in the body of the bee. Probably during the processing of raw material for honey production, bee bodies partially purify this product from contamination.
CONCLUSION
This study shows the chemical composition of major, minor, and toxic elements in the bee samples from four counties in western Iran.
The data obtained from this study do not allow any specific conclusions concerning the extent of bioaccumulation of mercury, barium, calcium, iron, manganese, lithium, arsenic, sodium, and potassium in the environment, but showed the capacity of bees to detect the metal concentrations in reserves. These insects are able to detect an early warning of changing environmental conditions and could be an attractive way to assess anthropogenic changes during long periods.
